The degree of humification is a valuable characteristic of peat samples, important not only for soil chemists but also for agricultural and industrial purposes. Yet, it seems to be a quantity the estimation of which is not quite simple. One of the main reasons for this situation probably lies in the fact that we have no very clear conception of the exact meaning of the degree of humification: we do not know what we try to determine.
The degree of humification is a valuable characteristic of peat samples, important not only for soil chemists but also for agricultural and industrial purposes. Yet, it seems to be a quantity the estimation of which is not quite simple. One of the main reasons for this situation probably lies in the fact that we have no very clear con- ception of the exact meaning of the degree of humification: we do not know what we try to determine.
The general trends in the decomposition of organic material are rather well known. The content of typical plant carbohydrates decreases more or less rapidly; proteins, polyuronides, lignin like substances and humic acids tend to accumulate.
Simultaneously the decomposing organic material loses its cell structure and turns dark brown. This holds true also with peat formation, although the conditions under which it takes place often markedly retard and modify the processes. For example, under anaerobic and acid conditions common in peat deposits the synthesis of true humic acids can be largely prevented.
It is obvious that the degree of humification is a relative quantity which could be determined, at least approximately, using any of the chemical or physical characteristics which continually change with an advance of the decomposition. For the sake of comparison the corresponding figures for the original material must be known. In order to get reliable results the other end of the humification scale, the quality of the end product obtainable under the conditions in question, must also be taken into consideration. Often the loss of dry matter during decomposition is a necessary figure. Unfortunately, all these are factors generally not available when the degree of humification of a certain sample is to be estimated. Therefore, the determination must be based on approximate values and the results obtained, by any method, are more or less vague.
Conventional methods
In the practical field work in Finland the method adopted by von Post (9) is most commonly used for the determination of the degree of humification. It is based on the direct examination of fresh samples. The colour and turbidity of the water pressed by hand from the sample, and the structure and consistence of the peat residue are the main factors observed. A grading from Hj to H lO is used, in which represents the undecomposed peat. Apparently this method can give satisfactory results provided that the observer is well trained. It is, of course, exposed to subjective errors and, as e.g. Mitchell (8) emphasizes, it can be used only if the samples have retained their full content of water. Often it would be desirable to get a more exact estimation of the degree of humificafion than can be obtained by this method, and in the ordinary laboratory work other ways must be found for the analyses of dry and ground peat samples.
Among the several procedures proposed for the determination of the degree of humification only a few seem to yield fairly reliable results. Such a method based on the physical characteristics of peat samples is e.g. Segeberg' s (10) determination of the »Vertorfungszahl», the increase in the volume weight of ash-free dry matter expressed as a percentage of the corresponding weight of volume for the sample to be analyzed. According to Segeberg's investigation, also the maximum water holding capacity of a peat sample gives a fairly well picture of the degree of humification. The hygroscopicity, on the other hand, does not characterize the state of humification (1, 3) .
As one of the most obvious phenomenon during the decomposition of organic matter is its turning dark brown, it is easy to undestand that the intensity of Keppeler (3) . His »Zersetzungsgrad» was calculated on the basis of the total amount of reducing sugars in the acid hydrolysate of the peat sample, and his »Vertorfungsgrad» was given on the basis of the organic residue of a similar hydrolysis. As a base of comparison an approximate value found for undecomposed Sphagnum moss was employed, and later (4) also the effect of the loss of dry matter during the decomposition was taken into consideration. Segeberg (10) Only the correlation coefficient for the Sp and CSp samples is significant at the 5 % level. This total lack of correlation between the C/N ratio and H-values in the low-moor peats and the poor correlation in the highmoor peats is somewhat surprising. It obviously arises from the fact that the nitrogen content of a peat soil depends more on other factors than on the degree of decomposition.
In the absence of an absolute standard for comparison no valid conclusion can be drawn on the reliability of the different conventional methods for the determination of the degree of humification. This lack of a standard is not only due to an analytical defectiveness but it arises mainly from the fact that differences in the original raw material and in the conditions under which the decomposition takes place lead to products which vary to a great extent. Therefore, it seems to be of no use to employ laborious procedures for the estimation of this more or less vague quantity. Attention must be paid to possibilities offered by rapid and simple methods.
Methods studied
In the present paper results are reported of an attempt to use two kinds of rapid tests for the determination of the degree of humification in peat samples. In spite of the fact that there are very few theoretical reasons to suppose that the colour intensity of a peat extract should be in a close correlation with the degree of humification, the possibilities to apply a colorimetric method was tested. The other characteristic chosen to indicate the degree of humification was the weight of volume.
The material of these studies consisted of 220 samples of Finnish virgin peat soils. They were taken from various depths and they represented different kinds of peat. The samples were collected by several persons who also estimated the Hdegree by von Post for the samples and determined the kind of peat. There are probably subjective errors in these determinations but as such they represent typical material obtained in the practical soil survey. The data are listed in Table 2 .
Colorimetric estimation
The principle in the colorimetric estimation of the degree of humification is to measure the colour intensity of an extract obtained by treating the peat sample with some kind of solution which is able to extract the dark coloured substances more or less quantitatively or at least in an amount closely correlated with the total content of dark brown matter in the sample. A standard preparation is needed, or rather a series of standards that represent various degrees of humification in peat of the same kind as those to be analyzed.
In practice the application of these principles is not quite easy. A quantitative extraction of the dark coloured substances is possible only by several succeeding treatments or by the use of a rather drastic manipulation. The first way is laborious and the second one may lead to marked changes in the colour intensity of the humified substances. It is e.g. known that in alkaline solutions an auto-oxidation of a certain kind of organic matter easily yields dark-coloured compounds. On the other hand, 
Weight of volume
Attention has been paid to the association between the volume weight and the degree of humification in peat samples. The volume weight is a quantity commonly determined when peat samples are analyzed. Therefore, if it really could be used as a measure for the degree of humification, it would offer a great help to the peat analyst.
Tacke (12) reports that 1000 cm 3 of air-dry and ground undecomposed Sphagnum peat in loose condition weighed 55 g, while the same amounts of younger and older Sphagnum peat weighed 75 g and 312 g resp. The corresponding figures for samples treated with a pressure of 10 kg per cm 2 were 106 g, 157 g and 464 g,resp. All these weights were calculated to express the amounts of organic dry-matter.
These observations were further applied to the development of the method by Segeberg (10) . His »Vertorfungszahl» signifies the difference between the volume weight of the organic dry-matter in the humified sample and that of the undecomposed raw material expressed as a percentage of the former. The volume weight of the ash-free undecomposed highmoor peat is supposed to be 75, and the specific gravity of the peat ash, a figure needed in the calculation of the volume weight of organic dry matter, is taken to be 1.5. The »Vertorfungszahl» is 0 for undecomposed material and increases with advancing decomposition. The highest »Vertorfungszahl» reported by Segeberg was 75.
Segeberg found a rather close negative correlation between the »Vertorfungs-zahl» and the maximum water-holding capacity of the peat samples. Also the correlation coefficient reported for the »Vertorfungszahl» and Keppeler's »Vertorfungs-grad» was fairly high. The material used for the analyses, however, consisted of only 31 samples.
The weight of volume of a soil sample depends largely on the method employed. Segeberg determined the volume weight using fresh samples bored with a cylinder of known volume. When dry and ground material is used, the data obtained often give only a poor idea of the apparent volume weights under natural conditions. But at the laboratory stage these are generally the estimations with which the analyst has to be contented. In order to get comparable results care must be taken that the determinations are performed using each time the same pressure for the compacting of the material.
For the determination of the volume weights of the present material a simple apparate developed by Mr. Jaakko Kivekäs M. Sei. (Agr.) in this laboratory was use.
It is a cylinder in two pieces. The lower part equipped with a fixed bottom and a sliding lid holds 33 cm
The top part is connected with the lower one and the lid drawn aside. The cylinder is filled with air-dry ground peat and dropped vertically from the height of 20 cm three times in order to bring about an as equal tightness as possible. The top part with superfluous peat is drawn aside and the content of the lower part is weighed. The determinations were performed as four replicates. The variation between these was low, generally far less than five per cent.
The results obtained are reported in Table 2 . The ash content of the samples are also listed. Since these percentages appear to be low, in general markedly smaller than 10 %, the volume weight calculated for the ash-free material cannot considerably differ from the original value for the whole sample. The first comparisons were, therefore, performed using the original volume weights.
First these data were compared with the H-values by von Post. The total correlation coefficients obtained were the following. It could be supposed that the ash content of the sample would have some effect upon its volume weight. This, of course, is the fact when the sample contains mineral matter. These samples, however, were taken from virgin peat soils, and as far as known their ash consisted only of peat ash. In this material the correlation coefficients between the volume weight and the ash content were very low or nonsignifi- In the lack of anything better it seems to be justified to use the volume weight of virgin peat samples to characterize their degree of humification. In order to get a convenient scale a simple grading may be adopted. Since it was found that the volume weight of air dry and ground samples of the surface vegetation was, on the average, about 0.08 when determined by the method used in these analyses, this figure was taken as a basic unit. The new degree of humification is the volume weight divided by 0.08. If another method for the determination of the volume weight is employed, the basic unit is the corresponding value obtained for the undecomposed surface vegetation.
The figures calculated for the new degree of humification are listed in Table 2 under the title V01.w./0.08. The most striking disagreement between these gradings according to this material is to be found in the H 7 -class, where the average volume weight and therefore also the new degree of humification are exactly the same as in the H 6 -class. If no attention is paid to the following classes with their markedly higher volume weights, but with only very few samples, it could be supposed that by advancing humification volume weights would increase the less the more decomposed the samples are. This would mean an association between the H-values and the volume weights presented best by a parabel. However, this material does not yield a better corre- lation of that kind between these quantities. The total correlation coefficient calculated between the logarithms of the H-values and volume weights was r = 0.818, not significantly higher than the corresponding figure for the original numbers.
If the differences between the degrees of humification of the individual samples are examined, the greatest differences can be found among the samples taken from the deeper layers. For these samples the volume weight gives a lower degree of humification than do the H-values. It is quite possible that in some of these cases the objectiveness of the direct examination has been disturbed by the knowledge that the sample in question originated from old deposits. But the truth may also be that the estimation of the degree of humification on the basis of the volume weight is not a satisfactory method for the more humified samples.
Discussion
The object of the present investigation which was to find some rapid and simple way to estimate the degree of humification in peat sampels, is not a problem which could be easily dissolved. An examination of the theoretical possibilities clearly reveals this fact. At present, only very approximate methods can be developed.
As emphasized above the most difficult problem is the lack of absolute standards for the degrees of humification. The direct examination and the use of the grading by von Post is not satisfactory enough, because it is exposed to a marked subjective variation. In the field work, however, it probably is the only rapid and convenient way to estimate the degree of humification.
The poor correlation of the colorimetric data obtained by the method developed with the H-values estimated in the field do not recommend the use of this kind of analyses for the determination of the degree of humification. As a supplement method, particularly in the study of peat samples containing mostly Sphagnum residues, it, however, seems to be of some value.
The use of the volume weight as a basis of the estimation of the degree of humification also has rather poor theoretical grounds. It has been found that generally the volume weight increases with advancing decomposition, but the reasons for this are not quite clear. An increase in the ash content obviously plays only a very small part in this case. The reason must be found in the more or less indefinite changes in the structure of the peat material. In samples under natural conditions this change probably is far more distinct than in air-dry and ground material. In the latter the disappearance of the cell structure has, of course, its effect, but attention must be paid also to the different shrinking during the drying due to the different colloidal properties of the undecomposed and decomposed material.
Because the material available in the present studies contained only a small amount of very well humified samples, no valid conclusion can be drawn on the availability of the proposed method to show a distinct difference between various degrees of humification when that kind of samples are in question. In virgin peat soils of Finland very well humified samples are rarely found, and even then generally only in the lower layers of peat deposits.
The use of volume weight is naturally an arbitrary method but in lack of anything better it can be employed. Particular attention must be paid to the fact that when comparable results are needed the determinations of the volume weights must be carried out under strictly similar conditions. Instead of the humification scale adopted here any other can be applied. Although this material did not significantly corroborate the supposition that the increase in the volume weight would be the lower the more advanced stage of humification is in question, a scale based on this kind of grading could possibly be more available than the simple linear scale adopted in this work, particularly, when lowmoor peats are in question.
Summary
The theoretical difficulties in the determination of the degree of humification in peat samples is discussed and the possibilities offered by some conventional me- 
